Tree Trunk Arthropod Faunas as Food Resources for Birds by Peterson, A. Townsend et al.
Tree Trunk Arthropod Faunas as Food Resources for Birds1
A. TOWNSEND PETERSON2, DAVID R. OSBORNE, and DOUGLAS H. TAYLOR, Department of Zoology, Miami University, Oxford, OH 45056
ABSTRACT. The composition, abundance, and relationship to trunk-surface characteristics of the tree-trunk
surface arthropod fauna were studied from August, 1984 to January, 1985 in a beech-maple forest in south-
western Ohio. Samples of trunk-surface arthropods were taken monthly from American beech and sugar
maple trees. Although resource levels on the two tree species did not differ significantly, arthropod resource
levels were dynamic, changing monthly in magnitude and composition. Live arthropods became progres-
sively less abundant as winter approached; non-living/dormant items did not. Results suggest that trunk
surface characteristics offer foraging birds few reliable clues about arthropod resource levels.
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INTRODUCTION
Many bird species, such as woodpeckers, nuthatches,
and creepers, spend much of their time gleaning food
from the bark of trees. Numerous studies of the feeding
behavior of bark-gleaning birds have documented
differences in niche dimensions both between and
within species (e.g., Kilham 1965, Jackson 1970,
Williams and Batzli 1979) and in space and time (e.g.,
Travis 1977), indicating that characteristics of the re-
source base may affect avian foraging behavior. Jackson
(1979) reviewed factors potentially affecting trunk
arthropod abundance, including tree species, bark
texture, tree injury, and presence of mosses, lichens,
and fungi.
Several theoretical works (e.g., MacArthur and
Pianka 1966, Charnov 1976, McNair 1982) model the
behavior of foraging animals, and predict the relation-
ship between foraging behavior and characteristics of
the resource base. Nevertheless, the relationship be-
tween foraging behavior and resources available is not
well understood (Johnson 1980, Smith 1982). Studies
of other foraging guilds (e.g., Goss-Custard 1970,
Feinsinger 1976) incorporating both foraging behavior
and resource availability have led to an improved under-
standing of factors affecting foraging behavior. How-
ever, there have been few studies of the foraging
behavior of bark-gleaning birds in relation to resources.
This study assessed arthropod density and faunal
composition, and their relationship to trunk-surface
characteristics of trees in order to determine whether
features of trunk surfaces might serve as indicators of
arthropod abundance. This information is important to
evaluation of the applicability of various optimal forag-
ing models to bark-gleaning birds. If birds are able to
assess trunk resources from a distance, then optimal
pa tch-choice models ( e . g . , MacArthur and
Pianka 1966, Pyke et al. 1977) would be useful. On
the other hand, if birds have to visit a trunk to assess
its resources, then patch-choice models would not be
relevant, and information on exploitation must be in-
corporated (e.g., Charnov 1976).
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MATERIALS AND METHODS
We sampled resources on tree trunks monthly from August, 1984
to January, 1985 (except December, 1984) on two 6.1-ha study sites
in a beech-maple forest in Hueston Woods State Park, Preble
County, Ohio (see site descriptions in Beissinger and Osborne 1982).
We chose American beech (Fagus grandifolia) and sugar maple {Acer
saccharum) for study because they are by far the dominant tree spe-
cies in the study areas (Sperger and Peterson, unpubl. data), and
because they have different bark morphology.
Several techniques have been used to sample arthropods on tree
trunks, including sticky traps (Roling and Kearby 1977), x-ray
analysis (Coulson et al. 1979), circular bark punch inspection
(Furniss 1962), and visual inspection (MacLellan 1959,
Jackson 1979). Despite potential problems with comparability of
studies based on the work of different collectors, in our opinion,
questions regarding resource abundance are best addressed by visual
inspection. Visual inspection allows assessment of abundance of non-
mobile (e.g., dormant insects, egg cases) and non-living (e.g., food
items in spider webs) materials that the other methods would miss.
Also, resources detected visually should be a more representative
sample of those found by birds using visual search. Methodology for
gathering quantitative data on trunk resources described in Jackson
(1979) has received little attention, despite the potential importance
of such information to studies of avian foraging behavior.
Each month, at each of nine sample points located on a grid on a
map of each site, we inspected one trunk of each tree species (except
in January, 1985, when sample sizes were seven per species). Only
live, uninjured trees larger than 8 cm in diameter at breast height
(dbh) with no brush or shrubs near the base were sampled. The grid
of sample points was shifted 50 m monthly in one of the cardinal di-
rections within each site to avoid sampling any tree twice. One of us
(A.T.P.) did the sampling in order to avoid having to account for
variance owing to different collectors' abilities.
At each tree, during a 3-min sampling period, we collected all
arthropods, cocoons, food items in spider webs, and arachnid egg
cases with forceps and an aspirator. (We did not use a fixed-size
sample area because preliminary sampling indicated that this often
led to missing widely scattered items altogether, thus considerably
underestimating densities. Also, rough areas required more inten-
sive searches in order to find all potential food items, thus allowing
less area to be searched.) We recorded area searched, dbh, texture of
bark searched (estimated % smooth — furrows <0.5 cm deep; %
broken — furrows 0.5-1.0 cm deep; and % rough — furrows
>1.0 cm deep), and percent coverage by mosses and lichens (visu-
ally estimated). Although samples from different heights would
have been more informative, due to time limitations all collections
were made 0.75-1.5 m above the ground.
All arthropods collected were identified to order, dried to
constant weight (>48 h at 65 °° C), and weighed to the nearest
10~5 g with an analytical balance (Mettler H542). Weights of
arthropods were later converted to dry-weight energy equivalents (in
J) with data from Cummins and Wuycheck (1971). Because infor-
mation on energy equivalents for cocoons and arachnid food masses
and egg cases was not available, these items are reported in terms of
mg dry weight.
To allow comparison of samples, we converted resource levels to J
or mg per unit area searched. For analyses in which data from sev-
eral months were combined, we further standardized resource levels
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by dividing the resource level on an individual tree by the mean re-
source level of all samples for that tree species and month.
For months in which live arthropods were sufficiently common
(August-October), we calculated the abundances of arthropod taxa
as "importance percentages," which are averages of relative frequency,
relative density, and relative dominance (in terms of biomass) in
the monthly sample.
RESULTS AND DISCUSSION
Total arthropod density on beech and maple trunks
(Fig. 1) declined significantly as winter approached (re-
source level regressed by month, beech: r2 = 0.874,
P < 0.05; maple: r2 = 0.763, P = 0.05). Density of
cocoons and arachnid food masses and egg cases on the
trunks (Fig. 2) did not decline as winter approached
(beech: r2 = 0.060, P > 0.5; maple: r2 = 0.226,
P > 0.4). Neither live arthropod abundance nor abun-
dance of other materials was significantly different
(/-tests, P > 0.05 in all comparisons) between tree
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FIGURE 1. Mean monthly densities of live arthropods (J • m 2 ± 1
SE) on trunks (>8 cm dbh) of American beech and sugar maple trees.
species in any month. High variances (coefficients of
variation for live arthropod density estimates ranged
from 0.54-9.00) indicated a highly uneven distribution
of resources.
Differences in faunal composition between tree spe-
cies and over the six months of the study were evident
(Fig. 3). (No statistical tests were performed because
of low sample sizes and because of the unusual nature
of the importance percentage index.) For example,
phalangids dominated the community in August, but
became less common in September and October.
Abundances of araneids and dipterans remained fairly
constant through the study period.
Trunk-surface characteristics differed between tree
species. Beech trunks (N = 108) averaged 78.5%
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FIGURE 2. Mean monthly densities of non-living/dormant mate-
rials (cocoons, egg cases, and arachnid food masses; mg • m 2 ± 1
SE) on trunks of (>8 cm dbh) American beech and sugar maple trees.
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FIGURE 3. Importance percentages (i.e., sums of relative frequency, relative density, and relative dominance) for live arthropods on trunks of
American beech (B) and sugar maple (M) trees from August through October, 1984.,
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smooth, 19.1% broken, and 2.4% rough; maple trunks
(N = 108) averaged 4.7% smooth, 85.0% broken, and
10.2% rough. Beech trunks averaged 1.7% coverage by
mosses and 2.5% coverage by lichens; maple trunks
averaged 5.1% coverage by mosses and 6.6% coverage
by lichens.
Resource levels were not correlated with either bark
texture or cover by mosses or lichens on either tree spe-
cied (P > 0.05, in both cases). To confirm the lack of
correlation, we made scatterplots for each variable and
tested high vs. low categories with /-tests in each tree
species; no differences were significant. Resource levels
(both living and non-living/dormant materials) were
significantly (P < 0.05) negatively correlated with tree
diameter on beach trunks, but not on maple trunks.
Jackson (1970, 1979) suggested that rough-barked
tree trunks offer a more suitable overwintering environ-
ment to invertebrates than smooth trunks. Results of
this study suggest, however, that such microclimatic
differences are not directly reflected in differences in re-
source density, as no significant differences in resource
density were found between two tree species which
differ in bark texture. In addition, no significant cor-
relations were found between resource levels and
bark texture within tree species.
This study summarizes patterns of change in the tree
trunk arthropod fauna on two tree species over a six-
month period. Although a more complete view of pat-
terns of variation in this fauna as a resource for foraging
birds would be provided by data from additional tree
species and years, some interesting results were ob-
tained. Contrary to the suggestions of Jackson (1979)
and Travis (1977), the results of this study suggest that
trunk-surface characteristics offer foraging birds few
clues about resource levels. Rather, it appears that a
bird must actually visit a tree trunk in order to assess
its resource levels. For this reason, we suggest that op-
timality of avian bark-gleaning patterns is best analyzed
with optimal patch-exploitation models (Charnov 1976,
McNair 1982, Lima 1983, 1984) rather than patch-
choice models (MacArthur and Pianka 1966, Pyke et
al. 1977).
ACKNOWLEDGMENTS. We would like to thank A. and E. Peterson
for assistance in the field, and D. Kallander for help with identifica-
tion of arthropods. We also appreciate discussion and input from S.
Altmann, K. LaGory, D. Morse, A. Rypstra, R. Sperger, D.
Willard, and P. Woods, and two anonymous reviewers. Thanks also
to the Ohio Department of Natural Areas and Preserves for permis-
sion to work on the study areas, and to the Miami University Under-
graduate Research Program for financial support.
LITERATURE CITED
Beissinger, S. R. and D. R. Osborne 1982 Effects of urbaniza-
tion on avian community organization. Condor 84: 75-83.
Charnov, E. L. 1976 Optimal foraging, the marginal value theo-
rem. Theor. Popul. Biol. 9: 129-136.
Coulson, R., P. Pulley and L. Edson 1979 Sampling con-
siderations for evaluating the effects of mortality agents
on bark beetles. In: J. G. Dickson et al. (eds.), the role of insec-
tivorous birds in forest ecosystems. New York: Academic Press;
pp. 53-67.
Cummins, K. W. and J. C. Wuycheck 1971 Caloric equivalents
for investigations in ecological energetics. Mitt. Internat. Verein.
Limnol. No. 18.
Feinsinger, P. 1976 Organization of a tropical guild of nectarivo-
rous birds. Ecol. Monogr. 46: 257-291.
Furniss, M. M. 1962 A circular punch for cutting samples of
bark infested with beetles. Can. Entomol. 94: 959-963-
Goss-Custard, J. D. 1970 The responses of Redshank (Tringa
totanus (L.)) to spatial variations in the density of their prey.
J. Anim. Ecol. 39: 91-113.
Jackson, J. A. 1970 A quantitative study of the foraging ecology
of downy woodpeckers. Ecology 51: 318-323.
1979 Tree surfaces as foraging substrates for insectivo-
rous birds. In: J. G. Dickson et al. (eds.), The role of insectivo-
rous birds in forest ecosystems. New York: Academic Press;
pp. 69-93.
Johnson, D. H. 1980 The comparison of usage and availabil-
ity measurements for evaluating resource preference. Ecology
61: 65-71.
Kilham, L. 1965 Differences in feeding behavior of male and fe-
male hairy woodpeckers. Wilson Bull. 77: 134-145-
Lima, S. L. 1983 Downy woodpecker foraging behavior: forag-
ing by expectation and energy intake rate. Oecologia (Berl.) 58:
232-237.
1984 Downy woodpecker foraging behavior: efficient
sampling in simple stochastic environments. Ecology 65: 166-
174.
MacArthur, R. H. and E. R. Pianka 1966 On optimal use of a
patchy environment. Amer. Natur. 100: 603-609.
MacLellan, C. R. 1959 Woodpeckers as predators of the codling
moth in Nova Scotia. Can. Entomol. 91: 673-680.
McNair, J. N. 1982 Optimal giving-up times and the marginal
value theorem. Amer. Natur. 119: 511-529-
Pyke, G. H., H. R. Pulliam and E. L. Charnov 1977 Optimal
foraging: a selective review of theory and tests. Quart. Rev. Biol.
52: 137-154.
Roling, M. P. and W. H. Kearby 1977 Influence of tree diame-
ter, aspect, and month killed on the behavior of scolytids infest-
ing black oaks. Can. Entomol. 109: 1235-1238.
Smith, E. P. 1982 Niche breadth, resource availability, and in-
ference. Ecology 63: 1675-1681.
Travis, J. 1977 Seasonal foraging in a downy woodpecker popu-
lation. Condor 79: 371-375.
Williams, J. B. and G. O. Batzli 1979 Interference competition
and niche shifts in the bark-foraging guild in central Illinois.
Wilson Bull. 91: 400-411.
